Abstract We report two cases of radiation-induced cutaneous angiosarcoma that occurred years after radiotherapy for pelvic cancer. The tumors in both cases were inoperable because of the poor performance status of the patient or the extent of the lesion. We treated the tumors with concurrent chemotherapy and radiotherapy. The chemotherapy consisted of the weekly administration of 70 mg/m 2 paclitaxel. Both patients received radiotherapy at the prescribed dose of 50 Gy in 2.0-Gy fractions. Two months after the treatment, the lesions of both cases diminished or disappeared. However, a few months after the treatment, both patients suffered from in-field local recurrence and distant metastases, and they subsequently died of their distant metastases. The initial responses of two cases to concurrent chemoradiotherapy were good, and their quality of life was improved without severe complication. Although the long-term control of radiation-induced cutaneous angiosarcoma was difficult, chemoradiotherapy was one of the safe and effective palliative treatments.
Introduction
Angiosarcoma is rare, representing about 2 % of soft tissue sarcoma and 5.4 % of cutaneous soft tissue sarcoma [1] . Cutaneous angiosarcoma typically involves the head and neck, particularly the scalp and face. The etiology of angiosarcoma is poorly understood; however, several risk factors, such as radiation exposure and chronic lymph edema, have been reported [1] . The optimal treatment strategy for angiosarcoma is disputed. Surgery is often employed with or without radiotherapy for localized angiosarcoma, whereas radiotherapy is often used for unresectable cases and is usually avoided for radiationinduced angiosarcoma [1] .
We report two cases of radiation-induced cutaneous angiosarcoma in the groin, which was treated with concurrent chemotherapy and radiotherapy.
Case report

Case 1
A 45-year-old woman with carcinoma of the endometrium underwent surgery (International Federation of Gynecology and Obsterics (FIGO) stage IB). She received adjuvant whole pelvic radiotherapy with high-energy X-rays (15 MV) consisting of 50.4 Gy (Fig. 1) . A subsequent follow-up revealed no evidence of recurrence. However, 8 years after her initial treatment, she presented with a large reddish tumor extending from the right groin to the lower abdomen near the vulva (Fig. 2 ). There were no lymph node metastases or distant metastases. She underwent biopsy, which resulted in a diagnosis of angiosarcoma. The tumor was too large to be treated with curative surgery, so the treatment strategy was concurrent chemotherapy and radiotherapy. The tumor thickness was about 2.0 cm on the basis of the physical examination and CT examination, so 9-MeV electron beam irradiation was delivered in a wide field (26 9 25 cm, Fig. 3 ) with 2 Gy per fraction to a total dose of 50 Gy, and a 0.5 cm bolus was used to ensure that the tumor was sufficiently irradiated. The concurrent chemotherapy consisted of the weekly administration of 70 mg/m 2 paclitaxel (PTX) on days 1, 8, and 15 for 4 weeks. She received a total of 4 cycles. She completed the treatment, suffering only from grade 1 acute radiation dermatitis according to the National Cancer Institute Common Toxicity Criteria, version 4.0 (NCI-CTC ver.4). Adjuvant recombinant interleukin-2 (rIL-2) therapy was administered to her. The total administered dose was 2065 9 10 4 units. Two months after the end of the chemoradiotherapy, the tumor disappeared completely (Fig. 4) . Two months later, a small nodule appeared near to the biopsy scar, and so a second biopsy was performed, which revealed the in-field local recurrence of the angiosarcoma. At the same time, distant metastases were detected in the lungs and the liver. Chemotherapy was administered again with weekly PTX, followed by epirubicin. However, she developed carcinomatous pleuritis and peritonitis and died 9 months after the start of the chemoradiotherapy.
Case 2
A 66-year-old woman with carcinoma of the cervix underwent preoperative chemotherapy and surgery (FIGO stage IIB). She received adjuvant whole pelvic radiotherapy consisting of 45 Gy. However, 15 years after her initial treatment, she presented with a mass in her right groin and the bleeding from the mass could not be controlled. She was admitted to our hospital. A physical examination revealed a bulky bleeding mass in the right groin and a small reddish lesion in the left groin (Fig. 5 ). There were no lymph node metastasis or distant metastasis. The lesion in her right groin was biopsied, which resulted in a diagnosis of angiosarcoma. Because of her poor performance status and old age, she could not undergo surgery. Thus, she was treated with concurrent chemotherapy and radiotherapy. The tumor thickness was about 4.0 cm on the basis of the physical examination and CT examination, so 12-MeV electron beam irradiation was delivered in a wide field (25 9 25 cm, 1 cm bolus) with 2 Gy per fraction to a total dose of 36 Gy. The concurrent chemotherapy consisted of the weekly administration of 70 mg/m 2 PTX on days 1, 8, and 15 for 4 weeks. She received a total of 4 cycles. The tumor gradually decreased in size, and then 14 Gy was delivered in the shrunken fields with 6-to 9-MeV electron beams for each lesion on either side of her groin. The bleeding stopped as the radiotherapy proceeded, and she completed the treatment, suffering only from grade 2 acute radiation dermatitis according to NCI-CTC ver.4. She received adjuvant chemotherapy consisting of weekly PTX. However, 1 month after the end of the chemoradiotherapy, she developed distant metastases in the liver. Because of her poor performance status and clinical progression, she refused additional adjuvant therapy. Although the treated lesion was gradually shrinking without bleeding, the necrotic part persisted (Fig. 6 ), so this section was excised 1 month later, which resulted in ulceration (Fig. 7) . A small erythema-like nodule appeared near the previous right groin mass within the radiation field 2 months after the end of the chemoradiotherapy. Distant metastases were also detected in the liver. Biopsy was not performed. Although the aforementioned nodule enlarged, the ulcerated part diminished and healed 1 month after the excision (Fig. 8) . However, she developed carcinomatous pleuritis and died 5 months after the start of the chemoradiotherapy.
Discussion
Angiosarcoma is a rare malignant type of soft tissue sarcoma, which is often associated with radiotherapy. Most of the cutaneous angiosarcoma has been reported to arise in the scalp or the face. Cutaneous angiosarcoma rarely arises in the groin spontaneously. There have not been any randomized trials examining the optimal treatment strategy for angiosarcoma. Surgery is often performed for localized angiosarcoma. In a single-institution report of angiosarcoma, the median survival time (MST) of 136 cases treated with complete resection was 66 months, whereas that of 43 cases involving unresectable but limited tumors was 19 months (p \ 0.0001) [2] . Sasaki et al. [3] reported that the MST was only 8 months in 30 scalp or face angiosarcomas, most of which were limited tumors and were treated primarily with radiotherapy (2 cases were treated with surgery and radiotherapy) at the median prescribed dose of 68 Gy. However, only 6 patients survived more than 2 years, of which 4 patients were treated primarily with radiotherapy of more than 60 Gy and 2 patients were treated with surgery and adjuvant radiotherapy. No patients treated with radiotherapy of less than 60 Gy survived more than 2 years. Only a few of the patients with angiosarcoma who receive radiotherapy given at higher doses have a chance of long-term disease-free survival and are possibly cured. The rIL-2 was administered in combination with chemotherapy and radiotherapy in case 1. There is a report that high total dose administration of rIL-2 ([1100 9 10 4 units) improved the distant metastasis-free rate significantly [4] . In our case, the high total dose of rIL-2 (2065 9 10 4 units) was administered to prevent distant metastases. The significance of rIL-2 is still unclear. Chemotherapy is used alone for metastatic angiosarcoma or as an adjuvant therapy for eliminating micrometastases after the primary localized treatment. PTX has recently been used for metastatic angiosarcoma. The ANGIOTAX study is a phase II trial which investigates the efficacy and toxicity of weekly PTX for patients with metastatic or unresectable angiosarcoma [4] . PTX was administered intravenously at a dose of 80 mg/m 2 on days 1, 8, and 15 of a 4-week cycle in 30 patients. Toxicity was tolerable except for one grade 5 adverse event owing to thrombocytopenia in a context of general condition deterioration.
There are few reports about the concurrent use of chemotherapy and radiotherapy in the treatment of angiosarcoma. However, PTX has been safely used in combination with radiotherapy to treat other tumors, such as lung cancer. Several studies reported the radiosensitization of PTX [5, 6] . So we treated radiation-induced angiosarcoma with concurrent PTX and radiotherapy. The dose of PTX was reduced from 80 to 70 mg/m 2 because of the fear of increased toxicity with the use of concurrent chemoradiotherapy.
Previous authors have suggested the following criteria for diagnosing radiotherapy-associated sarcoma [7] :
1. There must be at least 3-5 years between the radiotherapy and sarcoma development. 2. The site of origin must be within the radiotherapy field. 3. The induced sarcoma must be histologically different from the primary cancer.
Case 1 involved an angiosarcoma from the right groin to the lower abdomen, which occurred about 8 years after whole pelvic radiotherapy for carcinoma of the endometrium. Case 2 involved an angiosarcoma in the right groin, which occurred about 13 years after whole pelvic radiotherapy for carcinoma of the cervix. Both cases met all the criteria.
Surgery is generally performed in radiation-induced angiosarcoma and radiotherapy is usually avoided. There are no prospective studies and some reports about the treatment of radiation-induced angiosarcoma by radiotherapy. We treated radiation-induced angiosarcoma with concurrent PTX and radiotherapy because the tumors in our patients were inoperable. As far as we know, this is the first report to describe the concurrent use of radiotherapy and weekly PTX to treat radiation-induced angiosarcoma. Our patients already received irradiation with a total dose of 45-50.4 Gy, so we treated radiation-induced angiosarcoma with a total dose of 50 Gy, which was not enough to cure angiosarcoma, because severe toxicity of skin and subcutaneous tissue was feared. The initial responses of both cases in this report were fairly good, although local recurrence occurred in both cases a few months after the end of the chemoradiotherapy. This might have been due to the large tumors and low radiation doses involved. Some reports have stated that tumor size was a prognostic factor [2, 3] , and both tumors described in this report were large.
The patients' initial responses to the treatment were good, and their quality of life was improved. However, the long-term control of radiation-induced angiosarcoma is difficult, probably because of reirradiation with lower doses. It is plausible that the use of concurrent chemoradiotherapy is one of the safe and effective palliative treatments, because chemoradiotherapy improves the patients' quality of life without severe acute adverse events. Fig. 8 One month after the excision, the ulcerated part, which resulted from the excision of the necrotic tissue, diminished and healed. The nodule, which was suspected to be a recurrence, was getting larger
